Basal metabolic rate (BMR) scales allometrically with body mass in mammals, but the reasons why some species have higher or lower metabolic rates than predicted from their body mass remain unclear. We tested the idea that parasite species richness may be a contributory factor by performing a comparative analysis on 23 species of mammals for which data were available on parasite species richness, BMR, body mass and two potentially confounding variables, i.e. host density and host longevity. Parasite species richness was positively correlated with BMR and negatively correlated with host longevity independent of body mass.
INTRODUCTION
Parasites may be a major evolutionary force in driving the evolution of life-history traits in their hosts (Hochberg et al. 1992) . A growing number of empirical and theoretical studies provide strong evidence for the impact of parasites on host population dynamics, host behaviour and sexual selection. Hosts should invest in immunity in order to reduce the damage and reduction in survival that parasites induce but immune function is energetically costly to the host (Sheldon & Verhulst 1996; Lochmiller & Deerenberg 2000) . Life-history theory assumes that organisms face trade-o¡s between allocation to reproduction and survival (Ro¡ 1992; Stearns 1992) . Thus, parasites may play an important role in the allocation of energy between immunity, reproduction and survival (Zuk 1996; Nordling et al. 1998) .
Basal metabolic rate (BMR) is an indicator of the energy expenditure of animals (Koteja 1991) and represents the minimum energetic cost of maintaining the activity of an organism. BMR has been related to a great number of variables such as body mass, dietary habits, reproductive strategies and phylogenetic relatedness. BMR scales with body mass in mammals and some possible reasons for residual variation have been discussed (McNab 1980 (McNab , 1992 . Recent data have emphasized the importance of energy in maintaining the immune system (see Lochmiller & Deerenberg 2000) , but there are no studies which have sought a link between BMR and parasite pressures.
Mammalian species exposed to great and diverse infections, as estimated by the number of potential parasite species, should invest in a high BMR in order to mount a costly immune response. Alternatively, as suggested by Gregory et al. (1996) , host species with high metabolic rates for their body size may increase their exposure to parasites because a high BMR imposes a higher feeding rate and increased activity. However, if this latter exposure theory is important, we might also ¢nd positive relationships between parasite species richness and both host longevity and host population density as a consequence of the continued accumulation of parasites in long-lived hosts (Bell & Burt 1991) and the rapid accumulation of parasites in hosts living at high population density. Because BMR and immune functions decline intraspeci¢-cally with age (Piers et al. 1998), we tested the alternative idea that parasites have a negative in£uence on host longevity, that is hosts su¡ering from high parasite species richness should have a lower life expectancy. We tested these ideas by statistically investigating the relationships between particular traits of mammals (BMR, longevity, body mass and density) and their parasite species richness.
METHODS

(a) Data on parasites and hosts
The majority of the sources for sampling e¡ort (the number of hosts investigated), host population density and the numbers of species of parasitic helminths (cestodes, digeneans and nematodes) found in well-studied host populations were those used by Morand & Poulin (1998) (see table 1 ). The references contributing to the present data set on BMRs and body mass are from McNab (1988) and are given in electronic Appendix A (which can be found at the Royal Society Web site at http://www.pubs. roysoc.ac.uk). Data on maximum host longevity were obtained from various sources (Eisenberg 1981; Gittleman 1986 ) (see also the references in Stearns (1983) and Read & Harvey (1989) ). We obtained information on body mass, BMR, host density, parasite species richness and sampling e¡ort for 31 species of mammals and on host longevity for 23 species.
(b) Comparative analyses
The phylogenetically independent contrasts method (Felsenstein 1985; Garland et al. 1992; Harvey 1996) was developed in order to resolve the problem of nonindependence of data (i.e. traits measured across di¡erent species) in comparative studies. We used the comparative analysis by independent contrasts (CAIC) computer application (Purvis & Rambaut 1995) for independent contrast analyses. Quantitative data were logarithmically transformed in order to stabilize variance (Harvey 1982) . All regressions between contrasts were forced through the origin (Garland et al. 1992) . In order to verify that contrasts were properly standardized, we performed a regression of the absolute values of standardized contrasts versus their standard deviations (Garland et al. 1992) using CAIC. We used a working phylogeny of the mammalian species in the data set which was derived from several sources (see Cooper & Fortey 1998; Morand & Poulin 1998 ) (¢gure 1). A positive correlation between parasite species richness and sampling e¡ort has been observed in many studies (Morand 2000) . We also found a positive correlation between parasite species richness and sampling e¡ort (pˆ0.0035 for the 31 species of mammals). It was therefore necessary to control for sampling e¡ort by using the residuals of a regression of species richness on host sample size as corrected estimates of species richness (Gregory 1990; Walther et al. 1995; Morand 2000) . The phylogenetic information allowed us to compute 19 independent contrasts (the phylogeny contained some unresolved trichotomous nodes). We tested the respective importance of each factor (host density, BMR, body mass and host longevity) on controlled parasite species richness by performing a stepwise regression forced through the origin on all independent variables (Hayes & Shonkwiler 1996) .
RESULTS
A signi¢cant and positive relationship was found between the BMR and body mass of mammals (rˆ0.98 and p 5 0.0001). A positive correlation was found between the longevity and body mass of mammals (rˆ0.53 and pˆ0.016) and a negative one between density and body mass (rˆ0.57 and pˆ0.008). We then controlled host density, host longevity and BMR for host body mass using residuals.
We tested for partial relationships between parasite species richness (controlled for host sample size) and BMR, host density and host longevity (controlled for host body mass) using a stepwise regression on independent contrasts. Parasite species richness (controlled for host sampling size) correlated positively with the BMR (controlled for body mass) (pˆ0.0045) and negatively with the longevity (controlled for body mass) (pˆ00093) of mammals (r
2ˆ0
.54 and pˆ0.0014). There was no relationship between host density and parasite species richness (pˆ0.80).
The residuals of parasite species richness correlated negatively with host longevity (¢gure 2a) when controlled for BMR, host body mass and sampling size and correlated positively with BMR (¢gure 2b) when controlled for host longevity and host body mass.
There was no relationship between the residuals of host longevity (corrected for body mass) and the residuals of BMR (corrected for body mass) (pˆ0.94), indicating that size-controlled increases in BMR are not incurred at the expense of host longevity. There were no signi¢cant relationships between the residuals of host density and either the residuals of host longevity (pˆ0.18) or the residuals of BMR (pˆ0.78).
DISCUSSION
BMR has been widely used in comparisons between mammalian species (Ricklefs et al. 1996) signi¢cance is not clearly understood. Considerable attention has been given to explaining variability in BMR in relation to life-history traits in mammals (McNab 1983 (McNab , 1988 Elgar & Harvey 1987; McNab & Eisenberg 1989; Ricklefs et al. 1996) . However, most of such studies have failed to ¢nd statistically signi¢cant relationships between life-history variation, host diet and metabolic rates after controlling for the e¡ects of body mass . Our study shows a signi¢cant relationship between BMR and parasite species richness when controlling for potential confounding variables. Recent comparative studies have attempted to explain parasite species diversity (Morand & Poulin 1998; Gregory et al. 1996) . Of various determinants, parasite species richness may be a function of the rate of parasite acquisition. Among others, Bell & Burt (1991) hypothesized that high host metabolic rates could increase the probability of acquisition of parasites through increased food intake. Gregory et al. (1996) suggested that host species with high metabolic rates for their body size might harbour a greater number of parasite species. However, if this were true, we might also expect to ¢nd a positive relationship between host longevity and parasite species richness as a consequence of accumulation of parasites in long-lived hosts (Bell & Burt 1991) . In fact, we found the opposite trend. Moreover, we did not ¢nd a signi¢cant relationship between the residuals of species richness (controlled for the residuals of BMR and host longevity) and host density. This lack of relationship challenges the results of Morand & Poulin (1998) who cited epidemiological models predicting that host density and host longevity allow the maintenance of parasite populations and, thus, the accumulation of parasite species (Poulin & Morand 2000) . Our results suggest, to the contrary, that such processes have little in£uence on the number of parasite species among mammals. Hamilton (1966) argued that mortality and senescence are likely to be under the in£uence of evolutionary forces. For instance, it has been shown that ageing may alter the competence of the immune system in controlling parasitic infection (Finch 1990; Albright & Albright 1994) . Indeed, our results support the hypothesis that parasites in£uence the evolution of life-history traits in mammals through the cost of maintaining a competent immune system, a competence that decreases with ageing. However, as suggested by our results, if BMR increases due to a higher allocation to the immune system, the costs do not appear as reduced longevity.
A similar result may be expected to arise between populations (within species) when parasite pressures vary. This could be tested in isolated populations, such as island populations, where the diversity of parasite species richness may be reduced compared to continental situations.
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